counts in the SLB with all 21 samples of the second r series. This is the series in which the methods of Vaughn et al. (1951) were follbwed in detail. The probability of the results being merely a matter of chance is less than 1 in 2,000,000. SUMMARY Consistently higher counts (often more than 20 times as high) of coliforms and of Escherichia species were obtained by the dilution extinction methods with subsequent confirmation, from samples of human feces, when standard lactose broth (SLB) was used at 35 C than when boric acid lactose broth (BALB) at 43 C was used as an enrichment medium.
False positive tests were very rarely encountered when boric acid lactose broth was used.
Aerobacter was less commonly encountered with boric acid lactose broth as an enrichment medium than with standard lactose broth, but the boric acid lactose broth cannot always be depended upon to suppress all Aerobacter.
It is concluded that boric acid lactose broth cannot be depended upon to detect fecal coliforms. A positive test is clearly positive, but a negative test is very likely to be a false negative test. Studies have been made of the susceptibility and the in vitro development of resistance of lactobacilli to penicillin or other antibiotics. Hill (1948) found considerable variation in the susceptibility of lactobacilli to penicillin incident to utilizing this antibiotic for controlling human dental caries. Fitzgerald and Jordan (1953) studied the susceptibility of oral lactobacilli to penicillin and other antibiotics. Reference was made also by Fitzgerald et al. (1950) , although not in detail, to the in vitro development of resistance of lactobacilli to penicillin. Dreizen et al. (1955) studied the frequency of resistance of oral lactobacilli to relatively high concentrations of penicillin and to the in vitro development of resistance to penicillin and other antibiotics. The following report is based on an investigation of the susceptibility of lactobacilli to penicillin and other antibiotics, their development of resistance to penicillin in vitro, and some of the possible effects that the development of resistance may have upon them.
MATERIALS AND METHODS Fourteen strains of lactobacilli, used for testing antibiotic susceptibility, were isolated at random from Syrian hamster or human saliva on Rogosa's SL medium (Difco) (Rogosa et al., 1951) . The strains obtained from hamster saliva were designated LI through L5; those obtained from human saliva were designated L6 through L14. All strains were maintained for a short period of time after initial isolation in Difco brain-heart infusion broth (BHI), after which each strain was lyophilized from growth on BHI agar. The lyophilized strains were used in this study. The biochemical and cultural char-acteristics of the lactobacilli were ascertained prior to establishing their susceptibility to antibiotics. In addition to the usual tests for biochemical and fermentative activity, all strains were subjected to metabolism balance studies to determine whether they were homo-or heterofermentative when utilizing glucose. In these studies glucose was determined by the method of Schales and Schales (1945) and lactic acid was determined by the method of Barker and Summerson (1941) . Fermentative ability was determined at the end of 5 days' incubation of the lactobacilli in purple broth base (Difco), containing 1 per cent of the test carbohydrate.
Possible penicillinase activity of normal and resistant lactobacilli was determined by the method of Bondi and Dietz (1944) . Initially, susceptibility of the lactobacilli to the antibiotics was established by the disk method (Bondi et al., 1947) . Agar plates used in the test were prepared as follows: 21 ml of melted Difco Penassay base agar were added to a Petri dish and allowed to harden. The proper dilution of a 24-hr BHI culture was added to 4 ml of melted SL agar and the mixture poured over the base agar. When the medium hardened, disks containing the desired concentration of antibiotic were placed on the surface and the plate incubated for 48 hr at 37 C, at the end of which time the diameter of the zone of inhibition was determined.
Penicillin susceptibility was also ascertained by establishing the maximum concentration in which the lactobacilli would grow in serial dilutions of the antibiotic in BHI broth, incubated for 72 hr at 37 C. The development of resistance in vitro to penicillin was determined by successive transfers at 72-hr intervals of a given Lactobacillus strain in serially diluted, penicillin-containing BHI broth.
The unadjusted pH of the various media employed in this study is as follows: BHI medium, pH 7.4; SL medium, pH 5.4; and Difco Penassay medium, pH 7.4. The susceptibility of the Lactobacillus strains to several concentrations of chlortetracycline, dihydrostreptomycin, bacitracin, penicillin, chloramphenicol, and oxytetracycline was determined by the disk method and the diameters of the zones of inhibition are summarized in table 1. The Lactobacillus strains were resistant to dihydrostreptomycin but were relatively susceptible to the other antibiotics. Although there was some variation between the susceptibility of the different strains to an antibiotic, the range was not wide, as is indicated by the small standard error.
RESULTS
The penicillin susceptibility of the lactobacilli was determined also by the use of serial dilutions of penicillin in BHI broth at pH 6.5, pH 5.5, and pH 4.5. The data for the hamster strains are shown in figure 1 and that for the human strains are shown in figure 2. Human strains were more uniformly susceptible to penicillin than were hamster strains. At pH 6.5, hamster strains Ll and L3 were least susceptible to penicillin. Hamster strain L2 was most susceptible to penicillin, growing in 0.25 unit per ml but not growing in 0.5 unit per. ml; at this pH all the other strains (L4 through Ll 1) grew in 0.5 unit per ml but would not grow in 1.0 unit per ml. As the acidity of the broth was increased, less penicillin was usually required to inhibit growth. At pH 5.5, Ll and L3 were more resistant to penicillin; L2 and L5 were susceptible to 0.125 unit of penicillin per ml of inoculum was the broth tube containing the highest concentration of penicillin in which growth was obtained. The data for strains L2, L4, and Lii, shown in figure 3, are representative of the data obtained for the other strains. Strain L2 demonstrated the least resistance to penicillin during 16 transfers, growing in a maximum of 0.5 unit per ml of broth at the beginning and in a maximum of 4 units per ml at the termination of the test. Change in resistance to penicillin occurred slowly; four consecutive transfers were made at one time and five consecutive transfers were made at another time without increasing resistance. On the other hand, strains L4 and L1i rapidly developed resistance to penicillin, so that at the end of 16 transfers L4 grew in a maximum of 16,384 units per ml of medium, while LI1 grew in a maximum of 1024 units of penicillin per ml of medium. The change in resistance to penicillin by the two strains was rapid, in some instances doubling or even quadrupling from one transfer to another. The development of resistance upon continued exposure to penicillin resulted in marked morphologic changes which consisted of conversion of the normally gram positive bacilli to gram negative filamentous forms.
At the end of the experiment on the development of resistance to penicillin in vitro, the susceptibility of strains L2 and L4 was determined for chlortetracycline, dihydrostreptomaycin, bacitracin, penicillin, chloramphenicol and oxytetracycline by the disk method, for comparison with their original susceptibility (table 2).
Neither L2, which developed little resistance to penicillin, nor L4, which developed much resistance to penicillin, greatly altered their resistance to other antibiotics.
In addition to determining the development of re- sistance by exposing the lactobacilli strains to successively high concentrations of penicillin, the original, lyophilized strains were cultured indefinitely in BHI broth containing slightly less than the highest initial concentration of penicillin in which they would grow. Periodic testing indicated that the resistance of these strains did not increase when the strains were exposed to a constant concentration of penicillin. Concurrently with the study of possible altered susceptibility of the Lactobacillus strains to antibiotics other than penicillin, the fermentation pattern of strains L2, L4, and Li 1 was determined for comparison with their fermentation pattern before developing resistance to penicillin (table 3) . The data presented indicate only the inability to produce sufficient acid to change the indicator; ability to grow in a limited way in the medium was not necessarily inhibited. The fermentation pattern of strain L2, which developed little resistance to penicillin, was not changed. On the other hand, the fermentative ability of strains L4 and Lii, both of which developed resistance to penicillin, was decreased.
Tests for penicillinase activity of all 14 strains of the oral lactobacilli at the beginning of the experimental period indicated no detectable activity. No penicillinase activity could be detected for strains L2, L4, and L1i during or at the end of the period of their continued exposure to penicillin. At the end of the 48-day experimental period, during which time strains L2, L4, and Lii had been exposed to the maximum concentrations of penicillin in which they would grow, all three strains were transferred to BHI broth containing no penicillin and subsequently transferred at 72-hr intervals. During cultivation in penicillin-free broth, their resistance to penicillin was determined by the serial dilution method each time the strains were transferred. All three strains maintained their relative resistance to penicillin during the first 18 days of growth in penicillin-free broth. After 18 days, penicillin resistance of the lactobacilligradually decreased but, even at the end of 105 days, the strains did not revert to their original level of susceptibility.
DIscussION
At near neutrality most of the strains of oral lactobacilli examined were resistant to between 0.5 and 1 unit of penicillin per ml of culture medium. Only two strains were more resistant, with one initially resistant to 16 units while another was resistant to 32 units. In comparing the susceptibility of other bacteria to penicillin, Streptococcus agalactiae is ordinarily susceptible to 0.12 unit per ml, Streptococcus dysgalactiae is usually susceptible to 0.1 unit per ml, and Streptococcus lactis is usually susceptible to 0.094 unit. A majority of groups A, B, C, D of Streptococcus pyogenes are susceptible to 0.05, 1.0, 1.0, and 5.0, respectively (Welch, 1954) . Thus, the susceptibility of oral lactobacilli to penicillin is comparable to that of some streptococci but more than that of others.
Some strains of oral lactobacilli developed considerable resistance when grown in maximal concentrations of penicillin; others did not. On the other hand, none of the strains tested developed resistance upon prolonged growth in the initial concentration of penicillin to which they were resistant. The high resistance of the lactobacilli to penicillin was not maintained indefinitely without continued cultivation in the presence of a maximal concentration of antibiotics. The decrease in resistance of the lactobacilli to penicillin during cultivation in the absence of the antibiotic was gradual and such strains did not completely recover their former level of susceptibility to the antibiotic during the period of experimentation.
SUMMARY
Syrian hamster and human oral Lactobacillus strains were found to be resistant to dihydrostreptomycin but relatively susceptible to chlortetracycline, bacitracin, penicillin, chloramphenicol, and oxytetracycline. The results also indicate that most of the human oral Lactobacillus strains are resistant to 0.5 unit of penicillin per ml of BHI broth but susceptible to 1.0 unit. The cultures became more susceptible to penicillin as the acidity of the medium was increased. Some strains developed resistance to more than 16,000 units of penicillin per ml of medium when grown successively in maximal concentrations of the antibiotic, while others developed little resistance. Resistance was not attributable to penicillinase production, and its development was not associated with changes in susceptibility or resistance, to the other antibiotics. It was associated with changes in morphology, gram staining, and in fermentative ability. Resistance was partially but not completely lost when the bacteria were cultured indefinitely in penicillin-free broth. The resistance of the recently isolated strains of lactobacilli was not increased by growing them successively in broth containing the initial concentration of penicillin to which they were resistant.
